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ABSTRACT:  The  purpose  of  this  work  was  to  examine  the  effect 
of  certain  changes  in  size,  shape,  and  confinement  on  the 
effectiveness  of  tetryl  boosters.  Effectiveness  was  Judged  in 
two  ways:  by  the  booster's  approximation  to  a  plane- wave 
generator  and  by  its  initiating  strength.  Consequently  the 
measurements  made  were  of  non-planarity  (radius  of  curvature) 
of  the  detonation  front  emerging  from  the  booster  and  of  the 
shock  velocity  vs  distance  curves  of  the  hydrodynamic  disturb¬ 
ance  it  caused  In  Plexiglas. 

The  charges  made  in  confinement  and  shape  of  two- Inc  h- 
dlam  boosters  caused  no  significant  change  in  either  perfor¬ 
mance  property.  Changes  in  booster  length,  however,  had  a 
marked  effect.  Booster  effectiveness  increases  with  increasing 
length  and  is  still  increasing  at  i/d  of  4  contrary  to  litera¬ 
ture  statements  that  curvature  of  the  detonation  front  is  con¬ 
stant  at  i/d  a  3  and  that  booster  strength  becomes  constant  at 
// d  %  1.5.  The  validity  of  using  truncated  cones  in  place  of 
cylindrical  boosters  in  large-scale  field  tests  of  detonablllty 
was  confirmed.  The  variation  of  5 gap  thickness  with  booster 
length  (and  corresponding  invariance  of  critical  initiating 
pressure),  for  a  given  test  material,  was  quantitatively 
measured. 
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The  Effects  of  Configuration  and  Confinement 
on  Booster  Characteristics 


Btf 

I.  Jaffa  and  A.  R.  Clalrmont 


INTRODUCTION 

For  large  scale,  critical  diameter  tests,  replacement  of 
the  cylindrical  booster  by  a  truncated  cone  has  been  re commanded 
(1);  an  equivalent  stimulus  delivered  to  the  test  material  from 
approximately  1/3  the  amount  of  booster  explosive  was  desired. 

For  the  laboratory  scale,  gap  sensitivity  test  (2),  strong 
recommendations  have  been  made  to  replace  the  current  booster  of 
length  to  diameter  ratio,  L/D  •  1,  with  a  cylinder  of  L/D  a  3. 
There  is  general  agreement  that  an  I/D  of  3  or  more  is  desirable 
to  assure  a  build-up  to  steady  state  from  a  minimal  shock  Initia¬ 
tion,  but  this  does  not  seem  relevant  to  the  use  of  an  adequately 
detonated  booster  In  measuring  the  shock  sensitivity  of  an 
acceptor  ,;st  material  (I/D  2  3).  In  other  words,  if  the  booster 
exhibits  steady  state  detonation,  the  same  value  of  critical 
pressure  necessary  to  initiate  the  acceptor  should  be  measured, 
regardless  of  booster  length. 

It  was  the  Intent  of  the  present  Investigation  to  examine 
the  effects  of  changes  In  size,  shape  and  confinement  on  the 
booster  effectiveness.  The  shjpe  of  the  detonation  wave  front 
emerging  from  the  booster  and  the  shock  It  set  up  In  Plexiglas* 
were  used  for  this  purpose.  In  addition  to  meeting  these  objec¬ 
tives,  the  data  acquired  serve  to  correct  the  following  Inexact 
statements  In  the  literature: 

1.  that  the  curvature  of  the  detonation  front  becomes 
constant  after  an  I/-  of  about  3  (3); 

2.  that  the  50^  gap  value  for  a  booster  of  I/D  *  0,657 
will  differ  from  that  with  an  I/D  *  1.274  by  a  constant  thick¬ 
ness  (4);  and 

3.  that  Increasing  the  booster  length  beyond  L/D  *1,5 
will  have  no  further  effect  (4), 


m 


*  Manufactured  by  Rohm  and  Haas 
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EXPERIMEffTAL  PROCEDURE 
A.  The  Wave  Shape 

Tetryl  pellets  (pQ  =  1.51  +  O.Ol  g/cc),  50,8  nan  in 
diameter  and  25.4  nan  long,  were  stacked  and  cemented  together  at 
their  periphery  to  form  cylinders  of  various  lengths.  These 
cylinders  were  used  unconfined  or  confined  in  steel  pipes  (50.3 
ram  I.D.,  ?6.2  mm  O.D. ),  or  they  were  machined  down  to  the  shape 
of  a  truncated  cone.  The  two  bases  of  the  truncated  cones  were 
kept  constant  at  9.5  nm  diameter  and  50.8  ram  respectively.  The 
angle  of  inclination  of  the  cones  varied  with  the  length  of  the 
cone. 


Figure  1  is  a  composite  drawing  showii^t  the  general 
arrangement  used  to  observe  the  wave  planarity  of  the  various 
charges.  A  !:o.  '  blasting  cap*  was  used  to  initiate  the  booster. 
The  cap  was  lined  up  with  the  axis  of  the  charge,  and  held,  in 
place  by  a  cylindrical  piece  of  wood  (50.5  ran  dla.,  25  rxi  long), 
cemented  to  the  base  of  the  charge* 

An  aluminized  Plexiglas  flasher,  50.3  m  in  -iiaseter  and 
3.2  mm  thick,  was  cemented  at  its  periphery  tc  the  cnc  of  the 
charge.  The  thin  layer  of  air  sandwiched  between  the  charge  and 
the  disc  flashes  when  it  is  hit  by  the  shock  wave.  The  intensity 
of  the  flash  increases  the  illumination,  facilitating  the 
recording  cf  the  wave  shape  by  the  smear  tsr.c*raP  The  camera  views 
the  shock  front  through  a  small  transparent  area,  wide, 

which  divides  the  disc  into  fear  equal  parts  (see  Fig.  IS}. 

To  align  the  axis  of  the  charge  with  the  optical  axis  of 
the  camera,  a  bear  of  light  was  projected  back  through  the 
camera  onto  the  aluminized  surface  of  the  flasher.  The  assembly 
was  adjusted  until  the  team  of  light  was  reflected  back  on  its 
incident  path,  placing  the  charge  axis  in  line  with  the  optical 
axis. 


The  procedure  was  changed  to  observe  the  shape  of  the 
shock  wave  at  the  end  of  a  blasting  cap  or  detonator.  The  cap 
was  aligned  in  the  manner  described  above,  but  since  the  illumin¬ 
ation  produced  by  the  cap  was  tec-  weak  to  obtain  i  positive  smear 
record,  the  wave  shape  was  followed  by  observing  the  interruption 
of  reflected  light  off  an  al’imlniced  dire  2f-.4  r-s  Jiam  x  0*02“  mm 
thick  at  the  end  of  the  detonator.  The  light  source,  an  explodiry 


*  Kanufactured  l.  Clln-Ikithieron 
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wire,  wa3  arranged  at  an  appropriate  arv;le  in  front  of  the  disc 
which  reflected  the  beam  along  the  optical  axis  into  the  camera. 
The  writing  speed  of  the  smear  camera  was  1.32  mm/ksec. 


2.  The  Shock  Velocity 

Figure  2  is  a  schematic  diagram  of  the  arrangement 
used  to  measure  the  shock  velocity  in  a  Plexiglas  rod.  The 
Plexiglas  attenuators  were  machined  fro«  50.6  mm  flat  stock  to 
a  cylinder  approximately  52  mm  i a  diameter,  containing  two 
parallel,  opposing  flats  approximately  9-10  no  wide.  'The  flats 


were 
fcg  A 

shield,  consisting  of  r lexl  ,las  20  c*  square  and  2.5  cm  thick, 
was  used  to  prevent  the  reaction  products  from  obstructing  the 
view  of  she  camera.  The  center  portion  of  the  shield  was 
machined  to  a  thicunees  of  3.2  mm  (see  Figure  2).  This  addi¬ 
tions.  thickness  of  Plexiglas,  carefully  measured  before  each 
test,  was  considered  as  part  of  the  total  attenuation  path. 


A  mirror,  similar  to  the  flasher  used  above,  was  fixed 
temporarily  to  a  cylinder  flat.  The  mirror  was  placed  concen¬ 
tric  with  the  midpoint  taker,  along  the  lei^th  of  the  cylinder. 
The  entire  assembly  was  aligned,  with  the  aid  of  the  mirror,  so 
that  its  longitudinal  arris  was  perpendicular  to  the  optical  axis 
at  t.je  midpoint  along  the  length  of  the  cylinder. 


I  lexifier  was  bac.:  lighted  by  an  exploding  tungsten 
wire,  across  which  -OiO  volts  were  discharged.  The  wire,  0.05 
diameter  arm!  7-  rr.  lor*,  was  strung  In  a  2.5  cm  capillary 
and  placed  at  the  focal  point  of  a  15  cm  lens.  The  lens 
was  used  to  collimate  the  light  behind  tlie  cylinder.  The 
cylinder  war  positioned  approximately  1C  cm  in  front  of  the 
len. . 


results 

Figure t  ,  are  reproductions  of  the  smear  camera 

records  magnified  approximately  •  tines.  These  particular 
records  follow  the  development  of  the  wave  beginnirv?  at  the  end 
of  ‘.he  det — -»tor,  .'ust  prior  to  entering  the  te try  1  charge,  to 
the  ervi  of  an  un  con  fined,  23.  ;•  cm  lore,  cylindrical  charge. 

The  rrid  liner,  which  are  superimposed  upon  the  original 
records,  are  equivalent  to  l.h  ;  cc:/di vision  alorx:  the  time 
axi: .  The  horisontal  streak,  in  the  center  of  the  record,  is  a 
reference  line  which  facilitates,  reading  the  records.  In  most 
instances,  the  distance  car,  be  measured  to  ■>  0.1  mn  and  the  time 
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to  0.03  nsec.  The  results  are  listed  in  the  Tables  1-7. 

Figure  6  is  a  typical  record  obtained  for  the  attenua¬ 
tion  of  a  shock  wave  in  a  plexiglas  rod.  The  distance,  in  this 
case,  can  be  measured  to  0.2  mm  and  the  time  to  :  0.05  nsec. 
The  data  have  been  recorded  in  the  Tables  <?•  -  11. 


DISCUSSION 


The  '-TVg  Profile 

Figures  3-5  show  the  progress  and  development  of  the 
wave  front  from  its  inception  at  the  end  of  the  detonator  cap, 
to  the  end  of  a  cylinder  -JO.  3  mm  in  diameter  and  20.52  cm  long. 
The  incident  wave  front  off  the  cap  is  quite  irregular  and 
spread  over  an  interval  equal  to  0.5  ucec  (Fig.  3).  The  effect 
of  this  is  to  initiate  the  tetryl  charge  over  a  region  approxi¬ 
mately  described  by  a  circle  whose  diameter  is  somewhat  greater 
than  the  diameter  of  the  detonator  (6  mm).  The  influence  of  the 
cap  on  the  wave  shape  is  quite  apparent  at  the  end  of  the  1.6  mm 
of  tetryl  and  is  still  evident  at  the  end  of  3.2  mm  of  tetryl 
(Fig.  4).  The  irregularity  in  the  front  is  completely  lost, 
however,  at  the  end  of  12.7  mm  of  tetryl. 

As  the  wave  continues  down  the  cylinder  it  flattens  out. 
The  edges  of  the  front  draw  forward,  and  in  line  with  the 
center.  At  the  end  of  20.3  cm  of  tetryl,  there  is  a  0.2  usee 
Interval  between  the  arrival  of  the  center  and  the  edges  of  the 
shock  wave.  The  curves  for  the  most  part  appear  smooth  and 
symmetrical  about  the  center  axis,  and  shot;  no  discontinuity  at 
the  boundaries  of  the  cylinder  due  to  lateral  rarefactions. 

The  development  of  a  detonation  wave  In  the  solid, 
tetryl  cylinder,  appears  to  be  analogous  to  the  expansion  of  a 
compression  wave  in  a  homogeneous  medium  such  as  water,*  The 
charge  is  initiated  at  numerous  points  over  a  circular  area  of 
approximately  6  mm.  iiach  point  of  Initiation  acts  as  a  point 
source  activating  the  material  around  it,  creating  minute  areas 
(centers)  of  reactive  particles.  The  result  Is  determined  at 
any  given  time  by  the  envelope  formed  by  the  spheres  expanding 
from  the  reacting  centers.  Given  enotigh  time  and  material,  i.c,, 
long  enough  path  of  travel,  any  Irregularity  in  the  detonation 
front  disappears,  and  the  wave  front  appears  in  the  cylinder  as 
a  segment  of  a  sphere  which  is  expanding  radially  at  constant 
velocity. 


*  Huygen’s  principle  of  wave  construction 
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Assuming  the  shock  wave  is  point  initiated,  spherical, 
and  moving  radially  at  a  constant  detonation  velocity,  it  can 
be  shown  (5)  that  the  following  relationship  holds: 


(1) 

(2) 


a  rectangular  hyperbola  where 

Rn  =  radius  of  curvature  of  the  detonation  front  at 
time,  t0 

t  =  the  time  that  has  elapsed  from  moment  of  initiation 
to  the  moment  the  shock  front  reaches  the  surface 
of  the  charge  observed  by  the  slit 

=  radius  of  curvature  of  wave  front  at  t^ 

Y.  -  distance  front  has  traveled  along  the  surface  of 
the  charge  at  time  t1 


t.  »  elapsed  time  as  measured  from  the  moment  the  shock 
front  reaches  the  surface  observed  by  the  slit, 
i.e.,  time  as  measured  on  the  smear  camera  trace 


For  a  constant  detonation  velocity,  equation  (1)  may  be  written 
as  !i 


(U 


Dto 


-  Vi)4 


D*o>‘ 


+  Y. 


(3) 


where 


UD  =  experimental  detonation  velocity 

The  value  of  detonation  velocity  used.  Up  =  7.2  mm/usec, 
had  been  previously  measured  (5).  The  data  Y,,  t,  obtained  from 
the  experimental  records  and  the  detonation  velocity  (Up)  were 
supplied  to  the  IEt!  7090  computer.  The  computer  chose  the  best 
equation,  by  a  least  squares  method,  to  represent  the  data  as  a 
spherical  front.  3ince  no  experimental  record  (Fig.  3-5) 
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showed  any  departure  from  the  spherical  shape  at  the  lateral 
boundaries  (edge  effects),  data  over  the  entire  front  were  used 
to  obtain  the  best  representative  sphere.  The  results  are 
presented  In  Table  12.  In  those  Instances  where  more  than 
three  experiments  were  made,  a  standard  deviation  of  3.# 
(25.4  mm  lone  bare  cylinder)  and  -i-  3 .<&  (50,8  trnn  lone“bare 
cylinder),  were  calculated.  The  mean  value  is  given  In  all 
other  cases.  In  most  instances  the  spread  of  the  data  from  the 
about  equal  to  or  less  than  3.5£  with  the  exception  of 
the  203.2  mm  lone  unconfined  cylinder  (5£).  This  smaller 
precision  is  probably  due  to  the  proportionately  smaller  seg¬ 
ment  of  the  sphere  used  to  calculate  the  radius  of  curvature  in 
this  long  charge. 

Figure  7  is  a  plot  of  the  results  listed  in  Table  12: 
radius  of  curvature  on  the  axis  as  a  function  of  the  length  of 
the  uncomined  cylinder.  This  curve  is  compared  with  a  line 
representing  the  growth  from  a  point  initiation,  of  a  spherical 
wave  whose  radius  is  equal  to  the  lencth  of  the  cylinder*.  For 
any  given  length,  the  radiuc  determined  from  the  experimental 
results  appears  larger  than  the  geometric  radius  (radius  = 
length) •  The  initiation  of  the  charge  occurred  over  an  area 
approximately  6  mm  In  dia  (Flg.4)and  l  mm  from  the  beginning  of 
the  charge  (5)  rather  than  at  a  point  at  the  base  of  the  charge. 
T!u.s  has  the  effect  of  increasing  the  apparent  ler^th  of  the 
charge.  The  experimentally  derived  radius  is  l.oo  times  r renter 
than  charge  length  for  the  25.4  mm  and  50.3  mm  charges,  and 
x.O^  and  1.14  times  larger  for  the  101.6  mm  and  20.3.2  mm  charges 
respectively,  if  the  initiation  for  all  the  charges  were  the 
same,  the  largest  deviation  from  the  geometric  radius  would 
occur  for  the  smallest  length  charge.  However,  the  initiation 
front  Is  dependent  upon  the  detonator  (Figs.  3  and  4).  As  a 
result  the  Initial  wave  front  lu  the  tetryl  is  not  planar,  need 
not  be  symmetrical,  nor  need  it  be  initiated  over  the  same 
cross-sectional  area  for  each  charge  (See  Fig.  4).  Thus  the 
*****  Initiation  will  affect  the  measurements.  A  combination 
of  this  experimental  variation  and  the  precision  of  the 
measurements  can  account  for  the  apparent  small  departure  of 
the  detonation  front  curvature  from  spherical  expansion 
(Fig.  7). 

As  the  length  of  the  charge  Increases,  the  radii  of 
curvature  continue  to  increase.  A  "steady  state"  radius  which 


Continuous  spherics  expansion  Is  to  be  expected  if  the 
reaction  zone  of  the  explosive  has  r.ero  tnickness:  In  *nir. 
case,  no  rarefactions  can  catch  up  to  (and  affect)  the 
reaction  none. 
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does  not  Increase  Kith  an  increase  in  charge  length  was  not 
obtained  for  the  range  of  charges  studied.  Because  no  signifi¬ 
cant  departure  from  the  curve  for  spherical  expansion  could  be 
observed  up  to  (L/D)  «  the  existence  of  such  a  steady  state 
radius  of  curvature  appears  dubious.  However,  such  a  radius  of 
curvature  (constant,  at  an  I/D  greater  than  2  to  3.5)  has  been 
reported  for  a  number  of  Ideal1'  explosives  (3). 


The  Effects  of  Booster  Shape. 
Detonation  £ront 


Size, 


and  Confinement  or  the 


The  physical  states  of  the  three  boosters  are  quite 
different:  a  bare  cylinder,  a  cyllnler  confined  by  a  1/2  inch 
thick  steel  wall,  and  a  truncated  cone  whose  mass  is  about  1/3 
the  mass  of  tire  cylinder,  Por  a  charge  length  of  one  radius 
(25.*;  mm),  the  curvature  of  the  detonation  front  should  be  the 
sane  for  the  cylindrical  charges  (confined  and  unconfined).  It 
is  only  after  the  front  has  traveled  25,4  mn  or  more  that  the 
influence  of  the  envlx'oment,  giving  rise  to  rarefactions  for 
the  unconfined  charge  and  shock  reflections  for  the  confined 
charge,  night  become  effective.  In  the  conical  charge,  the 
detonation  reaction  is  subjected  to  lateral  rarefactions  almost 
from  the  instant  of  initiation.  The  effects  of  these  parameters 
on  the  shape  of  the  detonation  front  are  compared  In  Figure  3, 
which  displays  radius  of  curvature  as  a  function  of  length  for 
each  of  the  different  charges. 

Considering  the -large  differences  in  the  boosters,  the 
resultant  changes  in  the  shape  of  the  detonation  front  (Fig.  8) 
are  relatively  small  and  are  of  the  same  size  as  the  experimen¬ 
tal  error.  The  apparent  differences  at  (L/D)  >  2  are,  however, 
generally  in  the  direction  to  be  expected  for  email  effects  of 
greater  lateral  rarefaction  in  the  cone  and  lesser  lateral  rare¬ 
faction  in  the  confined  cylinder  as  compared,  in  both  cases,  to 
the  unconflned  cylinder. 

Effect  of  Booster  Changes  on  Explosive  Loading 

To  observe  the  effect:;  of  a  variation  in  booster  configur¬ 
ations  on  the  pressure  or  Impulse  loads  px*oduced  by  boosters, 
the  attenuations  of  non-:«active  chocks  caused  by  the  booster 
loading  of  Plexiglas  rods  (See  Fi^.  2)  were  measured  and 
compared.  The  experimental  data  (Tables  -O-ll)  were  numerically 
curve  fitted.  The  resulting  distance-time  equations  were 
differentiated  with  respect  to  time  to  obtain  the  shock  velocity 
in  the  Plexiglas.  Current  procedures  for  tre  data  reduction  ar? 
reported  in  greater  detail  in  reference  •»,  App.  II. 
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Given  the  Bugonlot  relationships  for  Plexiglas,  which 
relate  particle  velocity,  shock  velocity  and  shock  pressure. 

It  la  possible  to  coapare  the  shock  pressures  obtained  In  the 
Plexiglas  cylinder  as  a  function  of  the  booster  used,  however, 
the  accuracy  of  the  available  experimental  Bugonlot*  relating 
shock  velocity  and  particle  velocity  are  questionable.  More¬ 
over,  because  of  the  calculation  required  to  derive  the  shock 
pressures  from  the  shsok  velocities,  the  errors  node  in  reading 
the  experimental  data  and  obtaining  the  shock  velocities  are 
then  aegnlfled  by  differing  amounts  throt^hout  the  pressure 
range  studied.  Consequently,  shock  velocities  rather  than 
pressures  are  cospared  here. 

The  experimental  shock  velocities  as  a  function  of  tine 
in  Plexiglas  shocked  by  charges  of  different  lengths  nre  given 
In  Table  13  and  are  plotted  in  Figures  9  -  12.  The  value  at 
zero  tins,  l.e.,  at  the  te try  1- Plexiglas  interface.  Is  an 
extrapolated  value.  The  first  experimental  nsasurenent  In  the 
Plexiglas  was  nsde  at  about  5  m  frou  the  interface.  At  this 
point  the  precision  of  the  velocity  is  believed  to  be  abcut 
+  5ft;  however,  the  error  decreases  with  an  increase  in  the 
length  of  the  rod,  and  la  approximately  +  0.1  -  0,2%  at  100  wn 
of  Plexiglas.  The  time- dependent  shock  pressure  amplitude  In 
the  Plexiglas  will  depend  upon  the  impedance  alsnatch  between 
the  tetryl  detonation  products  and  Plexiglas  and  on  the  com¬ 
plete  pressure-tine  history  behind  the  detonation  front.  For  a 
given  booster  In  which  the  steady  state  has  been  achieved,  the 
pressure-tine  profile  behind  the  detonation  front  nay  be  divided 
Into  two  tine  intervals.  The  first  lc  a  short  period  of  less 
than  a  ulcro second  in  which  the  high  shock  pressure  (von  Keumaim 
spike)  at  the  de conation  front  falls  to  the  detonatlor  pressure 
at  the  end  of  the  reaction  zone  ( Chapman- Jouget  point).  In  the 
second  interval,  which  is  much  longer  than  the  first,  the 
pressure  falls  from  the  C.J.  pressure  to  an  anblent  pressure. 
Theoretically,  the  first  Interval  Is  reproducible,  but  the 
second  nay  noc  be,  as  It  depends  upon  size,  shape,  and/or  con¬ 
finement  of  the  booster. 

When  the  pressure- tire  profile  behind  the  detonation  wave 
Is  very  steep,  the  velocity  of  the  shock  In  the  Plexiglas  will 
attenuate  extremely  fast  within  a  short  distance  past  the 
interface.  The  initial  and  steepest  portion  of  the  attenuation 
curve  will  lie  relatively  close  to  the  vertical  axis  of 
Figures  9  -  12;  the  aost  rapid  Attenuation  occurs  before  the 
first  experimental  observation  at  5  mm.  Thus  ar  extrapolation 
back  to  zero  length  of  Plexiglas  will  not  follow  the  true 
attenuation  curve  and  will  yield  a  shock  velocity  which  is 
lows  than  the  actual  shock  velocity  at  the  Interface.  As  the 
pressure-distance  profile  in  the  booster  be cone 3  less  steep. 
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I.*,.  Un  lomr  is  longer,  the  attenuation  rata  of  the  shock 
In  the  PIMiIm  la  rolaotl  ant  tfea  relative  error  In  the  extrep- 
ala  til  Meek  velocity  at  the  intarfaea  ia  waller.  Of  course  it 
never  spprovlwtss  the  fraaanra  traaanltteO  fey  the  von  Meunaim 
aoihe,  feat  it  nay  approach  that  cause!  fey  the  C-J  pressure  in 
the  feaoeter. 


la  each  of  figures  9  an!  10.  the  attenuation  curves  are 
cedars  I  for  feooetera  having  the  sane  ye  one  try  feat  different 
lengths.  In  feeth  oaaea,  cylinder  (fig.  9)  and  cones  (Mg.  10). 
the  shock  velocity  at  5  an  of  Plexiglas  increased  with  an 
increase  in  charge  length,  The  carves  are  show,  sa  dashed  lines 
ia  the  interval  0  to  5  an  Plexiglas,  the  dashes  lndieate  that 
this  portion  of  the  curve  re  sal  to  free  extrapolation  into  a 
region  veers  exporiaental  results  could  not  fee  obtained.  Me 


that  this  portion  of  the  curve  is  fictitious  because  the 
boundary  pressure  tree enl tied  fron  the  tetryi  boaster  oust,  in 
every  ease,  be  the  sane.  Renee  the  attenuation  in  the  first 
an  of  trevei  follow  the  qualitative  pattern  indicated  ly 
IfSn  vitf  booster  length  of  the  steepness  of  the  Taylor 
following  the  detonation:  greatest  attenuation  for  the 
booster. 


Within  the  region  of  shock  travel  greater  than  5  an  Plexi¬ 
glas,  the  rates  of  attenuation  arc  approximately  the  use  for 
all  three  booster  lengths.  Of  course,  the  apparent  average 
attenuation  over  5  to  70  an  peth  is  greatest  for  the  longest 
booster,  but  this  results  fron  considering  the  pressure  drop 
fro*  the  extrapolated  initial  pressure  rhich  is  nuch  lowr  than 


the  actus 


pressure. 


for  the  region  5  to  100  nn  Plexiglas,  Pigs.  9  and  10  shoe 
shock  velocity  (and  pressure)  decreasing  with  path  length  until 
the  curves  from  different  length  boosters  be  cow  experiaentally 
coincident  at  about  50  an  and  above,  in  Pig.  9.  the  three 
curves  do  not  chon  as  seooth  a  trend  with  variation  in  boooter 
length  as  would  bo  expected;  in  particular,  there  oeene  to  be 
no  levelling  off  of  the  initial  (extrapolated)  values  with 
increasing  booster  length,  as  would  be  expected.  The  middle 
curve  (paralleling  the  lowr  curve)  eeene  to  be  slightly  tipped 
*0  that  it  la  too  low  at  the  boundary  and  too  at  50  nn  and 
note.  Che  calibration  curve  for  the  standard  booster  (50.6  nn 
long,  (L/D)  •  1)  was  derived  fron  the  greatest  nuaber  of  shots 
(five),  and  has  been  checked  by  Llddlard's  work  (7).  Renee  the 
apparent  parailellw  between  this  curve  and  that  for  the  101.6 
on  booster  probably  arises  from  errors  in  the  latter  curve;  the 
offset  of  the  errors  is  to  produce  too  swll  a  slope  In  the 
initial  part  of  the  curve.  Additional  evidence  of  this  appears 
ia  the  eoaparleon  of  analogous  curves  for  cones  snd  cylinders, 

figure  11  comperes  the  calibration  curvet  for  the  three 
boosters  of  50.3  nn  length.  The  three  curves  are,  within 
egperlwntal  error,  coincident  for  the  first  50  an  or  shock 
travel,  figure  1?  wakes  the  corresponding  e«f*r1fen  for 
101.6  an  cones  and  cylinders.  Although  there  appears  to  tie  a 
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a  grep/ccr  difference  than  In  Pig.  11,  It  Is  still  within 
experimental  error.  Moreover,  the  apparent  difference  (stronger 
shock  from  cone  than  from  cylinder)  is.  In  this  case.  In  the 
wrong  direction.  Since  the  curve  for  the  101.6  mm  cylinder  Is 
already  suspected  to  be  In  error  by  showing  an  Insufficiently 
steep,  initial  3lope,  It  is  a  reasonable  working  assumption  that 
here,  as  well  as  In  the  case  of  the  50.8  mm  boosters,  the  curves 
should  be  coincident  for  the  first  50  mm,  and  that  the  curve  for 
the  cone  happens  to  be  closer  to  the  true  common  curve  than  does 
that  for  the  cylinder.  Substitution  of  the  101.6  ran  curve  from 
the  conical  booster  for  that  of  the  cylinder  In  Pig.  9  1-  a 
change  within  the  experimental  error  which  aligns  the  data  to  give 
smoother  experimental  trends.  The  validity  of  this  substitution 
Is  supported  by  the  gap  test  results  shown  In  Table  14. 

Three  sets  of  explosive  charges  covering  a  range  in  shock 
sensitivity  were  prepared.  Each  was  tested  for  gap  sensitivity 
with  the  cylindrical  tetryl  boosters  of  50.8  mm  and  of  101.6  nan 
length.  For  the  50.8  mm  long  boosters,  the  corresponding  shock 
velocity  at  the  end  of  the  gap  was  taken  from  the  standard 
calibration  curve  because,  as  argued  above,  this  curve  should 
be  the  more  accurate.  Ulth  this  assumption,  the  50$  gap  values 
obtained  by  use  of  the  101.6  mm  long  boosters  then  give  three 
points  on  a  calibration  curve,  shock  velocity  vs.  gap  thickness, 
for  these  longer  boosters.  Comparison  can  now  be  made  of  the 
curve  indicated  by  the  gap  test  values  (columns  2  and  3  of 
Table  14)  with  those  already  obtained  for  the  101.6  mm  long 
cone  (column  4)  and  the  101.6  mm  long  cylinder  (column  5).  It 
Is  evident  that  the  curve  from  the  gap  test  values  lies  closer 
to  that  for  the  cone  than  to  that  for  the  cylinder. 

Irrespective  of  the  extent  of  the  error  in  one  of  the 
curves.  Figs.  9  to  12  supply  much  of  the  information  sought  in 
the  study.  Pigs.  9  and  10  show  that  there  will  not  generally 
be  a  simple  relationship  between  the  50$  gaps  measured  with 
different  length  donors.  The  trend  is  longer  gap  with  longer 
booster,  but  the  difference  Is  greatest  for  insensitive  materials 
(small  gaps)  and  decreases  to  zero  for  the  more  sensitive  accept¬ 
ors.  Substitution  of  one  booster  for  another  In  a  gap  test 
requires  a  calibration  for  both  boosters  to  explain  the  two  sets 
of  results,  for  they  can  be  correlated  only  in  terms  of  initiat¬ 
ing  pressures  (or  shock  velocities),  not  by  measured  50$  gap 
thicknesses. 

Figures  9  and  10  show  the  calibration  curves  for  different 
booster  lengths  converging,  and  this  is  the  expected  trend.  It 
Is  easy  to  see,  however,  that  for  small  changes  in  L/D  (0.6^7  to 
1,274),  tests  over  a  limited  range  of  gap  might  give  50*  gap 
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values  which  differ  by  what  appears  to  be  a  constant  thickness, 
within  experimental  error. 

Figure  9  shows  that  the  boostering  effectiveness  increases 
with  charge  length,  and  that  it  Is  still  lncreasli«  at 
(VD)  "4.  If  the  suggested  correction  is  made  to  the  middle 
curve,  l.e.,  substitution  of  the  curve  obtained  with  the 
101.6  aw  cone,  the  rate  of  Increase  Is  beginniitt  to  fall  off  at 
(VD)  -  4. 

Figures  11  and  12  show  that  the  shock  waves  produced  by 
the  cylindrical  and  conical  tetryl  boosters  of  equal  L/D  are, 
within  experimental  error,  the  same  for  path  lengths  of  up  to 
50  mm  in  Plexiglas.  After  longer  paths  through  the  attenuator, 
the  curves  show  apparent  differences  according  to  the  booster 
type.  The  maximum  differences  at  high  attenuation  are  In  a 
region  where  conversion  of  shock  velocity  (U)  to  pressure  by  use 
of  Hugonlot  data  Is  inadequate  (6),  Moreover,  the  greatest 
difference  In  U  Is  0.2  mm/usec  which  la  the  order  of  magnitude 
of  experimental  error.  More  precise  measurements  of  U  accom¬ 
panied  by  careful  measurements  of  free  surface  velocity  In  the 
high  attenuation  region  might  establish  whether  the  apparent 
difference  is  a  true  one;  no  further  work  has  been  done  on  it 
because  this  particular  point  Is  Irrelevant  to  the  purpose  of 
the  present  Investigation. 

No  experimentally  significant  differences  were  detected 
between  the  conical  and  cylindrical  boosters  of  the  same  length 
either  in  the  rhape  of  their  detonation  front  or  in  the  shock 
pressures  their  detonation  caused  in  thin  layers  of  Plexiglas. 
Thus  it  would  appear  that  in  a  practical  test  of  explosives  and 
propellants  at  zero  gap  a  cylindrical  booster  may  be  replaced 
by  a  conical  booster  3s  long  as  the  same  L/D  ratio  Is  maintained. 
In  the  case  of  the  truncated  cone,  the  diameter  of  the  larger 
base  is  used  to  compute  L/D . 

CONCLUSIONS 

Several  observations  have  been  made.  These  are: 

1.  There  is  no  significant  difference  between  tetryl 
boosters,  in  the  form  of  truncated  cones  or  cylinders  of  the 
same  length,  in  either  curvature  of  the  emerging  detonation 
front  or  axial  stimulus  delivered  to  the  acceptor  at  zero  gap. 
Hence  for  large  scale  shock  tests  it  i3  preferable  to  use  a 
cone  rather  than  a  cylinder  to  reduce  the  weight  of  the 
required  explosive  charge. 
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2.  Boosters  of  the  same  length  but  different  geometry 
show  similar  shock  attenuation  In  Plexiglas  up  to  about  50  mm 
thickness  of  the  attenuator. 

3.  There  is  no  simple  way  to  correlate  gap  test  results 
obtained  with  boosters  of  different  lengths  without  calibrating 
the  booster- attenuator  systems. 

4.  Although  Increasing  booster  length  Increases  the 
measured  50£  gap.  the  same  initiating  pressure  for  a  given 
acceptor  Is  measured  In  either  case  in  the  range  L/t>  a  1. 

5.  The  booster  effectiveness  definitely  Increases  with 
length.  It  Is  still  increasing  at  an  L/D  *  4. 

6.  The  curvature  of  the  detonation  front  in  a  finite, 
approximately  point  initiated  charge  shows  no  sign  of  attaining 
a  constant  value  up  to  L/D  «  4.  Indeed,  It  Is  still  following, 
within  experimental  precision,  a  spherical  expansion. 
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TABLE  4  -  Shock  Front  Profile  -  Unconfined  Tetryl  Cylinders 

(203.2  mm  long) 


iWSKSM 

A- 47 

A-48 

A -52 

Distance 

Time 

Tine 

Time 

mm 

M-sec 

ubec 

usee 

noum  65 


TABLE  5  -  Shock  Front  Profile  -  Confined  Tetryl  Cylinders* 
(?5«^  rrun  lone  2-nd  50.0  ran  lonn) 
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TABLE  6  -  Shock  Front  Profile  -  Confined  Tetryl  Cylinders 
(76.2  m  end  101.6  on  long) 


Length 

1  76.2  mm 

101.6  an 

Expt  No. 

A- 170 

A- 171 

A- 172 

Expt  No. 

A- 127 

A-I29 

A- 137 

Distance 

Tlae 

Tine 

Ties 

Distance 

Tine 

Tine 

Tine 

■s 

usee 

11  sec 

it  sec 

wm. 

usee 

_ usee 

usee 

25.4 

0.55 

0.54 

0.45 

25.0 

0.4o 

0.39 

0.42 

22.9 

.44 

.45 

.36 

22.5 

.33 

.32 

.34 

20.3 

.36 

*26 

20.0 

.26 

.26 

.25 

17,8 

.26 

.27 

.20 

17.5 

.21 

.20 

.22 

15.2 

.18 

.20 

.14 

15.0 

.15 

.15 

.15 

12.7 

.13 

.15  j  .09 

12.5 

.10 

.09 

.11 

10.2 

.08 

.10  j  .04 

10.0 

.07 

.07 

.07 

7.6 

.04 

.06 

.02 

7.5 

.03 

.02 

.04 

5.1 

.02 

.03 

.01 

0  j 

* 

0 

• 

~ 

. 

7.5  j  .03 

.04 

.03  | 

!  5.1 

.01 

.02 

.04 

10.0 

.07 

.08 

.07  | 

t  7.6 

.04 

.04 

.03 

12.5 

.09 

.11 

I 

.10 

|  10.2 

.07 

.08 

.12 

15.0 

.15 

.15 

.15 

i  12.7 

.11 

.14 

.17 

17.5 

.20 

.20 

.20 

;  15.2 

.17 

.19 

.24 

20.0 

.26 

.26  < 

.26 

17.8 

.23  1 

.25 

.32 

22.5 

.32 

■a?  » 

.33 

20.3 

.31 

.32 

.40 

25.0 

.39 

.39  | 

.41 

22.9 

.40 

.42  | 

.43 

i 

I 

1 

j 

25.4 

.49 

.5!  j 

.53 

J 

_ 1 

mum  65.33 


7  *  Shock  Front  Profile  -  Unconfined  Cones* 
(25.4  mp,  50.6  m  and  101.6  tm  lor«) 


[Length 

‘HKsSEBMI 

I  50.8  an 

1  101.6  am 

IP^arap 

C 523 

EJEl 

A- 60 

[*-£. 

tsm 

gg 

[V66 

A- 67 

A- 63 

Distance 

V  4 

5? 

Time 

usee 

Tine 

11  sec 

Tine 

usee 

Tine 

ueec 

Tine 

usee 

... ■h« 

Tine 

usee 

Tine 

usee 

25.4 

1.33 

1.40 

1.44 

0.76 

0.77 

0.76 

0.39 

0.47 

0.36 

22.9 

1.06 

1.16 

1.18 

.61 

.64 

.64 

.31 

.33 

.27 

20.3 

.64 

.94 

.96 

.49 

.50 

.51 

.24 

.30 

.20 

17.3 

.64 

,74 

.76 

.38 

.39 

.39 

.18 

.23 

.14 

15.2 

•$9 

.56 

.57 

.27 

.29 

.30 

.14 

.18 

.10 

|  12.7 

.35 

.44 

.44 

.16 

.19 

.19 

.08 

.13 

.08 

|  10.2 

* 

.23 

.31 

.30 

.11 

.12 

.11 

.06 

.08 

.04 

1  7.o 

0 

.14 

.21 

.20 

.08 

.08 

.07 

* 

! 

;  7.6  j 

.17 

.16 

.13 

•08 

.08 

.08 

1  10.2 

.30 

.26 

.22 

.14 

.14 

.14 

.09 

.06 

.11 

;  12.7 

.42 

.37 

.32 

.21 

.23 

.23 

.12 

.10 

.14 

1  15.2 

.56 

.52 

.44 

•  3C 

.32 

.16 

.15 

.21 

J  .z  8 

1 

.75 

.70 

.59 

.42 

.45 

.22 

.21 

.27 

f’5 

.95 

.85 

.76 

.53 

.54 

.56 

.29 

.29 

.36 

i  22.9 

1.18 

1.07 

.98 

.67 

.68 

.69 

.38 

.37  i 

.45 

25.4 

1.40 

1.30 

1.16 

.62 

.80 

.83 

.47 

.45  j 

.54 

*  Ap«x  9.5 

■a  dii 

meter 

-  Base  50.8 

nn  die 

meter 
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TABLE  10  -  Shock  Attenuation  In  Plexiglas  -  Tetryl  Cylinders  - 

Confined  (50.8  nan  lor«) 


50.8  run  dla  x  50.8  ram  long  In  12. 7  nmt  thick  steel 


Expt  A- 173 


Time 

usee 


7 

9 

10 

II 

13 

14 
16 
17 
19 
21 


22.57 

24.13 

25.71 

27.32 

28.93 


Distance 

ram 


Expt  A- 174 
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Standard  deviation 


TABLE  13  -  Shook  Velocity  in  Plexiglas  vs  Distance 
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ability  uas  confined.  Re  variation  of  5QJ4  gap  thickness  with 
Booster  length  (and  corresponding  Invariance  of  critical  lnlNatlng 
pres  ears),  for  a  glean  teat  notarial,  uas  quantitatively  Measured. 
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